Abstract Mesenchymal stem cells (MSCs) offer promise as therapeutic aid in the repair of tendon and ligament injuries in race horses. Fetal adnexa is considered as an ideal source of MSCs due to many advantages, including non-invasive nature of isolation procedures and availability of large tissue mass for harvesting the cells. However, MSCs isolated from equine fetal adnexa have not been fully characterized due to lack of species-specific markers. Therefore, this study was carried out to isolate MSCs from equine umbilical cord blood (UCB) and characterize them using cross-reactive markers. The plastic-adherent cells could be isolated from 13 out of 20 (65 %) UCB samples. The UCB derived cells proliferated till passage 20 with average cell doubling time of 46.40 ± 2.86 h. These cells expressed mesenchymal surface markers but did not express haematopoietic/ leucocytic markers by RT-PCR and immunocytochemistry. The phenotypic expression of CD29, CD44, CD73 and CD90 was shown by 96.36 ± 1.28, 93.40 ± 0.70, 73.23 ± 1.29 and 46.75 ± 3.95 % cells, respectively in flow cytometry, whereas, reactivity against the haematopoietic antigens CD34 and CD45 was observed only in 2.4 ± 0.20 and 0.1 ± 0.0 % of cells, respectively. Osteogenic and chondrogenic differentiation could be achieved using established methods, whereas the optimum adipogenic differentiation was achieved after supplementing media with 15 % rabbit serum and 20 ng/ml of recombinant human insulin. In this study, we optimized methodology for isolation, cultural characterization, differentiation and immunophenotyping of MSCs from equine UCB. Protocols and markers used in this study can be employed for unequivocal characterization of equine MSCs.
Introduction
Mesenchymal stem cells (MSCs) represent an archetype of multipotent somatic stem cells that hold promise for application in equine regenerative medicine. Equine MSCs have been isolated from different post-natal tissues including, bone marrow (Violini et al. 2009 ), adipose tissue (Braun et al. 2010; de Mattos et al. 2009 ) and peripheral blood (Dhar et al. 2012; Spaas et al. 2013 ). However, age-dependent decline in absolute number and invasive procedures involved (Stenderup et al. 2003) limited the utility of adult tissues as a source of MSCs. Equine fetal adnexa, such as umbilical cord matrix (Lovati et al. 2011) , umbilical cord blood (Koch et al. 2007; Schuh et al. 2009 ), amnion (Lange-Consiglio et al. 2012) , placenta (Carrade et al. 2011b ) and amniotic fluid (Lovati et al. 2011; Gulati et al. 2013 ) are rich, safe and noninvasive sources of MSCs. Among these sources umbilical cord blood (UCB) derived MSCs are considered superior due to their greater proliferation and differentiation potential, delayed senescence and immune tolerance properties (Carrade et al. 2011a ). These cells also express markers associated with embryonic phenotypes (Reed and Johnson 2008) indicating their more primitive nature with broader differentiation capacities (Moretti et al. 2010) .
Although many workers have reported isolation of MSCs from equine UCB (De Schauwer et al. 2012; Koch et al. 2007; Schuh et al. 2009 ), a complete characterization has been lacking, which is in sharp contrast to the detailed guidelines described for the unequivocal characterization of human MSCs. Their functional and cultural characteristics (population doubling time and plating efficiency) are not well studied. Moreover, immunophenotypic characterization of UCB-MSCs has not been undertaken, primarily due to non-availability of equine-specific monoclonal antibodies (mAbs) (De Schauwer et al. 2012; Rozemuller et al. 2010) .
The capacity of tri-lineage differentiation is one of the hallmarks of MSCs (Dominici et al. 2006) . Using standard induction media, equine UCB-MSCs could be induced to differentiate towards osteocytes, chondrocytes, adipocytes (De Schauwer et al. 2012; Koch et al. 2007; Schuh et al. 2009 ), tenocytes (Mohanty et al. 2014 ) and hepatocytes (Reed and Johnson 2008) . However, adipogenic differentiation of equine UCBMSCs has yielded variable results and needs further optimization (Giovannini et al. 2008; Vidal et al. 2006) . Therefore, in this study we evaluated the cultural characteristics of equine UCB-derived MSCs and optimized methodology for immunophenotyping and tri-lineage differentiation.
Materials and methods
Unless otherwise specified, all chemicals and cell culture media used for mesenchymal stem cell isolation and culture were procured from the Sigma Chemicals Co. (St. Louis, MO, USA) and tissue culture flasks and dishes from Corning (Corning, NY, USA).
Collection of UCB, isolation and culture of MSCs UCB was collected from thoroughbred mares (n = 20) in an organized farm at Hisar, Haryana (India) in a blood collection bag containing citratephosphate dextrose adenine (CPDA) as the anticoagulant and transported at 4°C to the laboratory immediately. Mesenchymal stem cells were isolated by following the method described by Koch et al. 2007 . Briefly mononuclear cells were separated using Histopaque-1077. The cells were then treated with RBC lysis buffer for 5 min at 4°C followed by two washings with Dulbecco's phosphate buffer saline (DPBS). The cells were suspended in one ml of mesenchymal stem cell growth medium containing low-glucose DMEM supplemented with 15 % of foetal bovine serum (FBS), MEM non-essential amino acid (1 %), vitamin (1 %), penicillin (100 IU/ml), streptomycin (0.1 mg/ml) and L-glutamine (2 mM). Live cells were counted by trypan blue dye (0.4 %) exclusion method using haemocytometer and were seeded at 10 5 cells/cm 2 in 25 cm 2 tissue culture flasks. Incubation was done at 38.5°C in humidified atmosphere containing 5 % CO 2 . The first medium was changed after 24 h and thereafter every 3rd day. The cell growth and morphology was observed under inverted microscope (IX51, Olympus, Tokyo, Japan). The cells were sub-cultured at 80 % confluency.
Alkaline phosphatase (AP) staining UCB-MSCs were grown in six-well plates and stained using AP staining kit following the manufacturer's instructions. Equine fibroblast cells prepared from adult horse ear pinna served as negative control for AP staining.
Growth kinetics
The colony forming unit assay was performed as per the method described by Lovati et al. (2011) , with slight modification. UCB-MSCs were seeded (300 cells/cm 2 ) in the growth medium in 60-mm tissue culture dish and allowed to grow for 5 days by incubating at 5 % CO 2 , 38.5°C and 90 % humidity. Cells were then fixed with methanol for 30 min and stained with Giemsa stain for 15 min. Colonies consisting of more than 16-20 nucleated cells, were counted and data were reported as plating efficiency (PE %), calculated as number of colonies/number of seeded cells 9 100. The experiment was done in triplicate with three different MSCs samples.
The proliferation capacity of UCB-MSCs was evaluated at passage P1-P8 in triplicates from three different donors. In each passage, 5 9 10 3 cells/cm UCB-MSCs were plated at a density of 1.8 9 10 4 into six-well tissue culture dishes. Every 2 days, over the 10 days of culture, cells from one well of each plate were trypsinized and counted. All experiments were performed in triplicate. At each time point cell growth curve was plotted to show increase in cell concentration.
Reverse transcription polymerase chain reaction (RT-PCR)
The expression of mesenchymal cell surface marker genes (CD29, CD44, CD73, CD90 and CD105) and hematopoietic/leukocytic marker genes (CD14, CD34 and CD45) was assessed by RT-PCR in the cells at passage 3. The RNA was isolated using RNeasy kit (Qiagen, Milan, Italy) as per manufacturer's protocol. The first strand cDNA was synthesized by using revert aid first strand cDNA synthesis kit (Fermentas, Hanover, MD, USA) in a 20 ll reaction volume, using 1 lg RNA, 10 mM dNTPs, 0.2 lg oligo dT primers, 20 units of RiboLock RNAase inhibitor and 200 units of M-MuLV reverse transcriptase H. The PCR amplification was done using primers specific for each gene ( (Table 1) for 30 s and elongation at 72°C for 30 s followed by final elongation step at 72°C for 10 min. The amplified PCR products were resolved in 2 % electrophoresis through agarose gel containing ethidium bromide (0.5 lg/ml) and visualized in Syngene GBox gel documentation system (Cambridge, CB4 1TF, UK).
Immunocytochemistry and flow cytometry A total of six surface markers were analyzed by immunocytochemistry and flow cytometry, the mesenchymal cell markers CD29 (Integrin b-1), CD44 (H-CAM), CD73 (ecto-5 0 -nucleotidase), CD90 (Thy-1), and the haematopoietic markers CD34 and CD45 (LCA).
Immunocytochemistry was performed as described by Lovati et al. (2011) with some modifications. UCBMSCs at P3 were seeded in triplicate at 5 9 10 3 cells/ cm 2 in eight well glass chamber slide (SPL biosciences Ltd., Pocheon-si, Gyeonggi-do, Korea) and incubated in 5 % CO 2 incubator at 38.5°C overnight for attachment. The cells were rinsed briefly with rinse buffer consisting of DPBS with 0.2 % bovine serum albumin (BSA) followed by fixation with 4 % paraformaldehyde for 20 min. To avoid nonspecific binding cells were incubated in blocking buffer (3 % FBS in DPBS) for 30 min. After washing three times with rinse buffer, cells were incubated with 1:50 dilution of each murine monoclonal antibody (BD Biosciences, San Diego, CA, USA) separately against CD29 (clone TS2/16), CD44 (clone IM7), CD73 (clone 5F/B9), CD90 (clone 5E10), CD34 (clone 8G12) and CD45 (clone 2D1) for 1 h at 37°C in a moist chamber. After three washings, cells were incubated with anti-mouse FITC conjugated IgG/IgM, at 1:100 dilution in blocking buffer for 1 h at 37°C in dark. After three washings, cells were visualized for expression of MSC markers under the fluorescence microscope (1X51, Olympus) using suitable filter. Adult horse peripheral blood mononuclear cells served as positive control for CD34 and CD45 antibodies.
For flow cytometry, UCB-MSCs were trypsinized and re-suspended at 10 6 cells/ml in culture medium.
The cells were pelleted and fixed with 4 % paraformaldehyde at 4°C followed by two washings with washing buffer (0.2 % BSA in PBS containing 0.01 % sodium azide). Cells (approximately 10 5 ) in triplicate tubes were incubated with 1:50 dilution of mouse antihuman CD29-FITC (eBioscience, San Diego, CA, USA), CD44-FITC (eBioscience), CD73-FITC (BD Pharmingen, San Diego, CA, USA), CD90-PE (BD Pharmingen), CD45-FITC (BD Bioscience) and CD34-PE (BD Bioscience) antibodies for 45 min in dark at room temperature. Cells were washed three times and re-suspended in washing buffer. For all tubes, at least 10,000 cells were analyzed using FACS Calibur (BD Biosciences, San Diego, CA, USA). The data were analyzed with FACSDiva software (BD Biosciences). All data were corrected for non-specific binding using isotype-matched negative controls.
In vitro trilineage differentiation
Trilineage differentiation was performed in triplicate on three independent MSC samples at passage 3 and 5. The cells were re-suspended in MSC growth medium at a density of 3 9 10 3 cells/cm 2 in six-well tissue culture dishes and incubated at 5 % CO 2 , 38.5°C. On attaining 80 % confluency, the cells in triplicate wells were incubated in respective differentiation media for 28 days with medium changes every 3rd day. The cells cultured in MSC culture medium containing 2 % fetal bovine serum for 28 days served as undifferentiated control. For osteogenic differentiation, the differentiation medium consisted of low glucose DMEM supplemented with 10 % FBS, 1 % penicillin/streptomycin, 100 nM dexamethasone, 10 mM b-glycerophosphate and 0.05 mM L-ascorbic acid-2-phosphate. The cells were stained with Von Kossa and Alizarin red S stain on day 14, 21 and 28. The expression of Osteocalcin and Runx2 genes was confirmed by RT-PCR using gene specific primers (Table 1) .
For chondrogenic differentiation, the medium comprising high glucose DMEM supplemented with 1 % ITS-Prepix, dexamethasone (1 lM), ascorbic acid-2-phosphate (0.1 lM), L-proline (40 lg/ml), sodium pyruvate (1 mM) and human recombinant transforming growth factor b3 (TGFb3) at 10 ng/ml was used. The differentiated cells were stained with 1 % Alcian blue (in 3 % acetic acid, pH 2.5) on day 14, 21 and 28 and expression of Collagen 2aI gene was observed by RT-PCR using primers (Table 1) .
For adipogenic differentiation, the cells were cultured in adipogenic induction medium for 72 h followed by culture in adipogenic maintenance medium for 24 h. Adipogenic induction medium consisted of low-glucose DMEM supplemented with 10 % FBS, 1 lM dexamethasone, 0.5 mM 3-isobutyl-1-methyl-xanthine (IBMX), 0.2 mM indomethacin, 1 % penicillin/streptomycin and different concentrations (10-20 lg/ml) of recombinant human insulin, rabbit serum (10-20 %). Adipogenic maintenance medium contained same ingredients as adipogenic induction medium except IBMX. The differentiated cells were stained with Oil-Red-O (0.5 % in isopropanol) followed by counter staining with Harris' haematoxyline for 1 min. RNA isolated from the cells was tested by RT-PCR for expression of PPAR-c and Adiponectin genes using gene specific primers (Table 1) .
Statistical analysis
The SPSS 17.0 software (IBM, Windows Version) was used for the statistical analysis. All data were presented as mean ± SE. Data were analyzed by one-way ANOVA using Duncan's multiple range test (DMRT) at 0.05 % level of significance.
Results

Isolation and propagation of cells
About 165 ml (range 130-200 ml) of UCB was recovered from thoroughbred mares (n = 20) during full term foaling. No sample had signs of coagulation or hemolysis. The mononuclear cells were separated by histopaque density gradient method and were seeded at the rate of 1 9 10 5 cells/cm 2 in 25 cm 2 tissue culture flasks in medium containing low glucose DMEM supplemented with 15 % fetal bovine serum for isolation of MSCs. Plastic-adherent spindle-shaped colonies were observed in 13 of 20 UCB samples, with isolation frequency of 65 %. Primary colonies were observed as early as 6 days postseeding (range 6-20 days) and 80 % cell confluency was reached by 30 days post-seeding. The isolated cells presented endothelioid and fibroblastoid morphologies but on subculture, there was predominance of fibroblast-like cells at passage 1 and after passage 2, UCB derived cells showed morphologically homogeneous population of fibroblast-like cells (Fig. 1) . The mean population-doubling time (PD) during initial 8 passages was 46.40 ± 2.86 h. The lowest (p B 0.05) population doubling time was observed in P3 (45.16 ± 0.01 h) and the highest in P8 (58.53 ± 0.44 h) (Fig. 2) . The mean plating efficiency during initial 8 passages was 2.57 ± 0.16 %. The highest plating efficiency (p B 0.05) was observed in passage 5 (3.50 ± 0.06 %) and the lowest in passage 8 (2.16 ± 0.26 %). The calibrated growth curve at passage 4 was 'S' shaped with a short lag phase (Fig. 2) . Undifferentiated cells proliferated till passage 20 before showing growth arrest. Subsequently, the morphology of these cells changed from fibroblastoid to irregular shape with increased cell size, decreased proliferation rate, increased passage time and finally stopped dividing.
The UCB-derived cells showed heterogeneous population at initial passage (P0 and P1), some cells were alkaline phosphatase (AP) positive (blue), while others were AP-negative (red). In subsequent passages, cell population became more homogenous, showing positive AP staining. Equine fibroblast cells prepared from adult horse ear pinna were negative for AP staining (Fig. 3) .
Gene expression
RT-PCR analysis of undifferentiated passage 3 cells showed that UCB-derived cells expressed mesenchymal stem cell markers, viz, CD29, CD44, CD73, CD90 and CD105, but did not express hematopoetic/leukocytic makers (CD34, CD45 and CD14) (Fig. 4) .
Expression of cell surface markers
Immunocytochemistry of UCB-derived cells indicated that the cells were positive for CD29, CD44, CD73 and CD90, while negative for CD34 and CD45 proteins (Fig. 5) . Flow cytometry analysis showed that equine UCB-MSCs were CD29 pos , CD44 pos , CD73 pos , CD90 pos , CD34 neg and CD45 neg . The findings indicated that CD29 and CD44 were expressed by 96.36 ± 1.28 and 93.4 ± 0.70 % of UCB-derived cells, while CD73 and CD90 were expressed by 73.23 ± 1.29 and 46.75 ± 3.95 % cells, respectively. Reactivity against the haematopoietic antigens CD45 and CD34 was observed only in 0.1 ± 0.0 and 2.4 ± 0.20 % of cells, respectively (Fig. 6) . 
Osteogenic differentiation
The UCB-MSCs induced to osteogenic differentiation showed extensive extra cellular calcium deposition as demonstrated by positive Alizarin red S staining and von Kossa staining (Fig. 7 ) after 14 days of induction, in comparison to undifferentiated control cells. On day 21 post-induction, the cells were more intensely stained. Differentiated UCB-MSCs showed expression of osteogenic lineage specific transcription factors i.e. Runx2 (351 bp) and Osteocalcin (174 bp) by RT-PCR, while undifferentiated control UCB-MSCs did not express these genes (Fig. 8) .
Chondrogenic differentiation
On exposure of equine UCB-MSCs to chondrogenic induction medium, the cells showed marked deposition of glycosaminoglycans (GAG) in the matrix by day 21, which was observable after Alcian blue staining (Fig. 7) . The cells formed cell aggregates in cultures on day 14, which further transformed into spherical masses by day 21. The cells maintained in regular control medium showed no detectable deposition of GAGs. The expression of Collagen 2aI (451 bp) gene by RT-PCR confirmed chondrogenic induction in these cells compared to untreated cells (Fig. 8) .
Adipogenic differentiation UCB-derived MSCs could not be induced to adipogenic differentiation using standard adipogenic induction medium as described for studies in human. Three different concentrations of rabbit serum (10, 15 and 20 %) and insulin (10, 15 and 20 lg/ml) were tested in this study. Optimum differentiation was achieved after (Fig. 7) . During adipogenic differentiation, a distinct ring of dark coarse granules around the cell periphery was observed initially by day 3, which developed into fat globules by day 10 with accumulation of intracytoplasmic vacuoles of Oil red O staining neutral triglycerides droplets. The adipogenic induction was further confirmed by the presence of mRNAs for both PPAR-c (457 bp) and Adiponectin (187 bp) by RT-PCR after 10 days of induction (Fig. 8) .
Discussion
The UCB-MSCs have been recognized as important source of MSCs in equines (Iacono et al. 2012; Koch et al. 2007; Schuh et al. 2009 ). However, MSCs isolated from equine umbilical cord are not fully characterized due to lack of species-specific markers.
Thus, the aim of this study was to reflect upon its cultural characteristics, to study the expression of cell surface mesenchymal markers using cross-reacting antibodies and to understand their trilineage differentiation capacity.
In our study, we reported the isolation frequency of 65 % for equine UCB-MSCs using histopaque density gradient method, which was more than reported by Koch et al. (2007) (57 %) . This isolation percentage was less than reported by Schuh et al. (2009) and Iacono et al. (2012) (75 %) . Isolation frequency ranging between 57 and 80 % has been reported previously (De Schauwer et al. 2011; Koch et al. 2007; Schuh et al. 2009 ). The plastic adherent cells during first passage were heterogeneous, with endothelioid and fibroblastoid morphologies. The different morphologies might reflect mixture of true mesenchymal stem cells with unrestricted somatic stem cells (Koch et al. 2007 ).
Mean population doubling time for initial 8 passages in the present study was lower than that reported for UCB-MSCs (Iacono et al. 2012 ) whereas the plating efficiency (2.57 ± 0.16 %) during initial 8 passages was higher than those reported for MSCs isolated from amniotic fluid, umbilical cord matrix and bone marrow (Lovati et al. 2011) . In human medicine, a lower doubling time (DT) and therefore, a greater proliferative activity has been reported for cells isolated from umbilical cord matrix and from cord blood compared to bone marrow-derived MSCs (Karahuseyinoglu et al. 2007 ). This behaviour could reflect the more primitive nature of cells isolated from fetal adnexa compared to those obtained from bone marrow (Weiss and Troyer 2006) . These observations suggested that equine UCB-MSCs are of primitive nature and have higher clonogenicity. This is further substantiated by the observation that these cells had short lag phase implying their rapid recovery from the damage occuring during detachment by enzymatic treatment. AP positive staining demonstrated their high phosphatase activity, a unique feature of undifferentiated stem cells (Lange-Consiglio et al. 2012; Yadav et al. 2011) . Further, these cells could be serially passaged up to 20 passages, demonstrating their better self renewal potential than reported previously (Schuh et al. 2009 ).
The MSC specific cell surface markers like CD29, CD44, CD73, CD90 and CD 105 were expressed by undifferentiated equine UCB-MSCs as revealed in RT-PCR analysis. There was lack of expression of leukocytic or hematopoietic markers i.e. CD34, CD45 and CD14. Similar gene expression results for CD73, CD90, CD105 and lack of CD45 transcript has been reported in adipose tissue (AT) MSCs (Braun et al. 2010 ) and bone marrow (BM) MSCs (Ranera et al. 2011 ). Lange-Consiglio et al. (2013 also demonstrated the expression of CD29, CD44 and CD105 by equine bone marrow and amnion derived mesenchymal stem cells.
The findings of gene expression studies were further confirmed by demonstration of proteins on cell surfaces by immunocytochemistry and flow cytometry. A limited cross-reactivity of mAbs between species has been demonstrated in an earlier study (Ibrahim et al. 2007), in which only 14 out of 379 mAbs against human cluster of differentiation (CD) molecules showed cross-reactivity with equine leukocytes. In the present study, a panel of monoclonal antibodies for immunophenotypic characterization of UCB-MSCs was selected based on cross-reaction studies (De Schauwer et al. 2012; Lange-Consiglio et al. 2012; Ranera et al. 2011) . Immunocytochemistry of undifferentiated equine UCB-MSCs showed the expression of MSC positive cell surface markers CD29, CD44, CD73, CD90 and absence of expression of haematopoetic markers CD34 and CD45. The results of the present study are in accordance with a previous report (Ranera et al. 2011) for expression of CD73, CD90, CD105 and lack of CD45 in MSCs derived from equine adipose tissue and bone marrow derived MSCs. (Ranera et al. 2011) . In flow cytometry, CD29, CD44, CD73 and CD90 were expressed by 96.36 ± 1.28, 93.4 ± 0.70, 73.23 ± 1.29 and 46.75 ± 3.95 % of UCB-MSCs, respectively, in the present study. Although similar level of expression of CD29 and CD44 has been reported in equine UCB-MSCs by De Schauwer et al. (2012) , the cells in their study did not express CD73. This might be due to the fact that the CD73 clones used by De Schauwer (AD2, 7G2, 4G4 and 496406) did not cross-react with equine CD73. In our study also, clone AD2 did not react with equine MSCs (data not shown), while clone 5F/B9 reacted with 73.23 ± 1.29 % of UCB-MSCs. Therefore, a set of cross-reactive clones as identified in this study and by De Schauwer et al. (2012) may be employed for unequivocal characterization of equine MSCs till a single specific marker for equines is established.
Osteogenic differentiation was observed as early as day 14 post-induction by specific staining. Earlier reports indicate osteogenic differentiation of UCBMSCs by day 21 (De Schauwer et al. 2012; Koch et al. 2007; Schuh et al. 2009 ). In addition, we also demonstrated the expression of Runx2 (transcription factor for early osteogenesis) and Osteocalcin (a non-collagenous protein specific for late osteoblast) on day 14 post-induction of differentiation (Declercq et al. 2005) .
The UCB-MSCs could be differentiated to chondrocyte lineage by day 21 post-induction with the cell aggregates transforming into spherical masses, which were stained positively with Alcian blue staining. Similar results have been reported previously in monolayer cultures (Iacono et al. 2012 ) and in pellet cultures (De Schauwer et al. 2011; Koch et al. 2007; Schuh et al. 2009 ). The findings were further confirmed by expression of Collagen 2aI gene by RT-PCR as reported previously (Reed and Johnson 2008) .
Induction of adipogenic differentiation of equine MSCs has been reported to be more difficult compared to other farm animals and human MSCs (Koch et al. 2007; Vidal et al. 2006; Giovannini et al. 2008 ). In our study, adipogenic induction medium was formulated by supplementation of dexamethasone, indomethacin, 3-isobutyl-1-methylxanthine (IBMX), different concentrations of insulin (10-20 lg/ml) and rabbit serum (10-20 %) in low glucose DMEM. The optimum adipogenic differentiation was observed on supplementation of insulin (20 lg/ml) and rabbit serum (15 %). We observed that by increasing the insulin concentration to 20 lg/ml, better results were obtained than those reported earlier for equine MSCs (Lovati et al. 2011; Schuh et al. 2009 ). The differentiation process was further confirmed by expression of PPAR-c and adiponectin gene by RT-PCR analysis. PPAR-c is an adipogenic specific transcription factor that stabilizes the metabolic function of differentiated adipocytes (Lee et al. 2004; Wang et al. 2004 ) and adiponectin is the most abundant protein in adipose tissue which promotes insulin sensitivity, lipid accumulation and adipocyte differentiation, (Fu et al. 2005 ) and its expression confirms adipogenesis (Csaki et al. 2007 ).
Conclusion
Our findings established that UCB is a rich source of MSCs and UCB-MSCs in equines have lower population doubling time and higher plating efficiency indicating their high proliferative capacity than MSCs from adult sources. We identified a panel of cell surface MSC positive markers by immunocytochemistry and flow cytometry for identification of these cells which could be used for characterization of UCB-MSCs. We were able to refine the methodology for adipogenic differentiation of UCB-MSCs. The findings establish that UCB is a non-invasive and safe source of MSCs, which may be used for tissue engineering and regenerative medicine in equines.
